Chaoborus larvae inhabit frequently the water column of lakes, when they can be mistaken for small fish. Because larvae ascend up to the blind zone of downward-looking echo sounding at night, quantitative acoustic estimation of them is possible only with upwardlooking approach. For this reason, the mobile hydroacoustic upward-looking system (120 and 38 kHz split-beam echosounder) in combination with a direct catch method (trawling) was tested to investigate the night community of invertebrates and juvenile fish in the surface layer of the Římov reservoir (Czech Republic). In the target strength range of invertebrates (smaller than -59 dB), the 38 kHz echosounder recorded only a small proportion of targets while the 120 kHz echosounder recorded distinct peaks corresponding to high densities of Chaoborus (target strength, TS range -70 to -60 dB, average TS -66 to -64 dB). At 120 kHz frequency, the TS distribution of smaller cohort of juvenile fish (<25 mm in length) overlapped the TS-distribution of Chaoborus. The number of these smaller juvenile fish was so small compared with the number of Chaoborus that they did not seriously bias acoustic Chaoborus estimate. The correlation between the density of Chaoborus with small contamination of juvenile fish larvae from trawling and acoustic recording made with the 120 kHz echosounder was high (R 2 =0.88), but the acoustic densities from trace counting appeared to underestimate Chaoborus abundance when the density was >1.5 ind.m -3 .
INTRODUCTION
Hydroacoustics is a well-established method for assessing the parameters of fish stock in the sea and in fresh water (Simmonds and MacLennan, 2005) . Even small fish can be detected (Frouzová and Kubečka, 2004) but problems arise when larvae of phantom midge (Chaoborus sp.) and juvenile fish occur in the same habitat (Malinen et al., 2005; Knudsen et al., 2006) . In stratified lakes, targets of interest often occur only a few centimeters to a few meters under the surface and, for this reason, the downward-looking approach does not provide reliable data near the surface and is often replaced by horizontal echo sounding. Upward-looking system makes it possible to record small targets in the near surface layer and to accurately determine their size (Baran et al., 2017) .
The phantom midge Chaoborus sp. (Diptera, family Chaoboridae) spend most of its life cycle in water (Burrows and Dorosenko, 2014) . Chaoborus larvae eliminate the risk of predation from planktivorous fish by performing diel vertical migrations, spending the day in the hypolimnion or sediment and at night ascending to the epilimnion (Voss and Mumm, 1999; Lagergren et al., 2008) . For buoyancy regulation, Chaoborus larvae have two pairs of air sacs (Teraguchi, 1975) , which acoustically produce similar echoes as strong as juvenile fish (Eckmann, 1998) . Consequently, the night time copresence of Chaoborus larvae with small fish may cause significant errors in acoustic estimates of juvenile fish (Eckmann, 1998; Vinni et al., 2004; Malinen et al., 2005) .
The simplest and most widely used approach is to consider the echoes from small targets as reverberation and to eliminate their contribution to the total echo integral by thresholding (Simmonds and MacLennan, 2005) . For poor signal-to-noise conditions, this principle was improved considerably by Eckmann (1998) The bias produced by the inclusion of Chaoborus in fish estimates is apparently dependent on echosounder frequency. Jones and Xie (1994) reported that the strongest echo of Chaoborus can be recorded by an echosounder using a frequency of 225 kHz, due to better sensitivity of higher frequencies. Similarly, Knudsen et al. (2006) found that the best frequency for studying of Chaoborus larvae is 200 kHz.
Our work was concentrated on 120 kHz, a very common frequency for studying fish in lakes and reservoirs (Simmonds and MacLennan, 2005; CEN, 2014; Draštík et al., 2017) . The aim of this study was to disentangle the acoustic record of the pelagic invertebrate community dominated by Chaoborus mixed with small fishes using two contrasting echosounder frequencies of 120 and 38 kHz. The paper aims to fill the knowledge gap on target strength of Chaoborus specifically for the 120 KHz frequency widely used in fisheries surveys. We analyzed size distributions and abundances of non-fish and fish targets and compared acoustic results with a direct capture method.
METHODS
This study was conducted in the Římov Reservoir (48°50'N, 19°30'E, 471 m asl, Fig. 1 ), 170 km south of Prague, Czech Republic. The reservoir was constructed on the Malše River in 1978. It is a canyon-shaped reservoir with a total length of 13 km, a maximum volume of 33 x 10 6 m 3 , a surface area of 2.1 km 2 , and an average and maximum depth of 16 m and 43 m, respectively. The trophic state of the reservoir is mesotrophic to eutrophic with well-developed thermal stratification during the summer. Dominant fish are common bream (Abramis brama Linnaeus, 1758), roach (Rutilus rutilus Linnaeus, 1758) and bleak (Alburnus alburnus Linnaeus, 1758). These species frequently occur in open water of the reservoir during the first year of life (Jůza et al., 2009 (Jůza et al., , 2013 . Chaoborus larvae are not abundant (Řiha et al., 2015) and were observed to form scattering layers in the hypolimnion during the day ascending to the surface at night (Čech and Tušer, personal communication) .The pelagic habitat of the reservoir was investigated using mobile hydroacoustics and trawling over the course of two nights, 23/24 July (N1) and 8/9 August (N2) in 2014 (Fig. 2) .
The acoustic part of the study was performed using a newly developed method based on a mobile upwardlooking acoustic system (Baran et al., 2017) . A research vessel (11 m long with a 210 HP engine) was equipped with two 12 m long submersible arms on either side that held a tiltable platform with attached transducers between their front ends. During the acoustic survey, the arms submerged the platform to a depth of 8 m with transducers emitting towards the surface. An exact vertical position of the acoustic beam was measured using an electronic clinometer, the RIEKER H5A1-90 (RIEKER Inc. USA).
Frequencies of 120 kHz (circular split-beam transducer SIMRAD ES120-7G with a nominal angle of 7 degrees) and 38 kHz (circular split-beam transducer SIMRAD ES38-12 with a nominal angle of 12 degrees) were used in the study. The operating power of the 120 and 38 kHz echosounder was set to 100 W with 0.05 s pulse interval (20 ping s -1 ) and the pulse length was set to 128 μs and 256 μs for 38 kHz. Before each survey, both transducers were calibrated using a 33.2 tungsten-carbide sphere for 120 kHz and a 60 mm diameter copper sphere for 38 kHz calibration as described by Foote et al. (1987) .
The acoustic survey was performed in straight-line transects at a constant speed of 1 m.s -1 following the original river valley (Fig. 1) . To avoid striking the bottom with the submerged platform, only the deepest part (depth >10 m, 6 km long zone from the dam) of the reservoir was sampled. Acoustic recordings started from the dam one hour after sunset (approximately at 22:30) and finished upstream in the middle part of the reservoir (approximately at 0:30). Recording was then stopped in the middle part of reservoir, and after a half hour waiting period (to avoid bubbles made by the boat propellers), the same transects were sampled downstream (from the middle part to the dam finished approximately at 3:45 a.m.). The GPS coordinates of the survey cruise was measured using a Garmin GPSMAP 60CSx GPS handheld connected to an external antenna for better reception of the signal.
Raw acoustic data were analyzed using the Sonar5-Pro post-processing software (Lindem Data Acquisition, Oslo, Norway). Beyond the theoretical blind zone (half of the pulse length from the phase boundary -water surface), we defined a line of 0.1 m and 0.2 m, for the 120 kHz and 38 kHz echosounders, respectively, below the detected surface so the surface echoes were safely excluded from data processing prior to data analysis. The acoustic data were divided into two depth layers according to layers sampled by trawl depths (0-2 m and 3-5 m below the surface, without defined line 0.1 or 0.2 m). An automatic single echo detection was set up to accept targets between lower and upper thresholds for -70 to -49 dB (corresponding to a theoretical fish length of about 0.5-60 mm for small perch calculated for the frequency 120 kHz using the TS length relationship of Frouzová and Kubečka (2004) . The same regression was used to convert captured fish lengths to TS from the 120 kHz echosounder. To convert the captured fish size to the TS from the 38 kHz echosounder the regression by Love (1977) was used. A valid track was defined as at least two subsequent single echoes from the same target, separated by a maximum of one missing ping within a 0.1 m vertical range gate.
Acoustic tracks abundance was calculated according where tracks stands for the number of tracks in a given transect and it is divided by the sampled wedge volume v w in m 3 . Abundance was separately expressed as the number of tracks in 100 m 3 of sampled water (f/100 m 3 ) for the 0-2 and 3-5 m depth layers. The tracks larger than -55 dB were considered to represent fish only while targets within the TS range of -70 to -55 dB were considered a mixture of air containing invertebrates and the smallest fish from summer spawning Sampling of the pelagic habitat was performed using a fixed frame ichthyoplankton trawl (mouth opening 2x2 m, mesh size 1 mm x 1.35 mm) with the collecting bucket at the end (Jůza et al., 2010) . The trawl was towed for 5 min approximately 100 m behind a research vessel (with 15 HP engine power) at a speed of 1 m s -1 . Sampling was performed in two layers differing by oxygen and thermal conditions (0-2 m and 3-5 m, Fig. 2 ). The shallower depth was sampled during the upstream cruise and the deeper depth during the downstream cruise. All trawling tows began approximately 10 min after the acoustic survey and were hauled in parallel trajectories with the acoustic trajectories, with a total of six ichthyoplankton tows made per one depth layer (Fig. 1) . For each trawl tow, the sampled water volume was calculated based on the trajectory tow distance measured by GPS, and the CPUE (catch per unit effort) of the trawl tow was expressed as catch per 100 m 3 of water sampled. Samples were immediately euthanized using a lethal dose of MS 222 and then preserved in a 4% formaldehyde solution. In the laboratory, samples were examined under a stereoscope (Lomo MBC-10) to categorize the caught objects into Chaoborus larvae, Chaoborus pupae, other invertebrates (Chironomidae larvae, Chironomidae pupae, Hydracarina, Branchiura) and juvenile fish. Chaoborus larvae and pupae were counted, and body lengths (excluding the anal papillae) of 120 random individuals of each night and depth of both groups were measured to the nearest mm. Other invertebrates were also counted and in 60 randomly chosen individuals body length of each category was measured to the nearest mm. The resulting size structure was used for all counted individuals in the same depth and night. juvenile fish were counted and total length (TL) was measured to the nearest mm.
Differences in size structures of Chaoborus were used in a paired t-test. Differences in the abundance estimated by ichthyoplankton trawling and hydroacoustics sampling were separately compared using the KolmogorovSmirnov paired test for both depth layers. Additionally, the abundance estimates for both methods were regressed against each other to determine if the slope parameter was significantly different from 1 (Taskinen and Warton, 2013) . Statistical analyses were carried out using the R software (R Development Core Team, 2015) .
RESULTS

Upward-looking hydroacoustics record
During acoustic surveys, the 120 kHz frequency echosounder recorded 8672 and 1068 tracks in the 0-2 m and 3-5 m layer, respectively (sampling volume 12,514 and 8046 m 3 ), while the 38 kHz frequency observed 766 and 486 tracks for the given layers (sampling volume 20,837 and 13,382 m 3 ). During both nights, a distinct peak of all tracks between -70 and -60 dB TS was recorded by the 120 kHz system especially at the 0-2 m depth range, peaking at -64 dB at night 1 and -65 dB at night 2 (Fig. 3) . Using the regression from Frouzová and Kubečka (2004) , this corresponds to the theoretical fish length (TL) of 10 and 9 mm respectively. At the 3-5 m depth range the targets were less abundant. The peak of TS at the depths of 3-5 m was -66 dB for night 1 and -67 dB for night 2, which correspond to the theoretical fish length 9 and 8 mm respectively.
On the contrary, the 38 kHz echosounder recorded much fewer tracks without a distinct peak as expected from the previous results of the 120 kHz frequency (-70 to -60 dB, Fig. 4) . At night 1 in the 0-2 m depth the most abundant size group of tracks was recorded in the range of juvenile sizes -51 to -49 dB. The situation was similar for night 2, again at 0-2 m depth, when tracks -50 and -49 dominated. In the 3-5 m depth layer the track abundance was lower, and TS-distribution was bimodal two peaks were clearly visible in the frequency distribution for both nights (Fig. 4) .
Ichthyoplankton trawl catch
In twelve hauls during two different nights we caught 18,119 and 4683 invertebrates at the depth of 0-2 m and 3-5 m respectively (sampling volume 12,928 and 14,982 m 3 ). Chaoborus larvae showed a much higher density by one or two orders of magnitude compared to fish (Tab. 1). The total catch of juvenile fish in 12 hauls was 498 and 159 individuals for the two depth strata respectively. Chaoborus larvae and pupae dominated at the surface representing more than 90 percent of the whole catch, while at the deeper layer they only constituted around 50-70 percent of the total catch (Tab. 2). At the 3-5 m depth, a significantly higher number of Hydracarina and Chironomidae larvae were recorded for night 2 (N 2, Tab. 2).
The mean size of Chaoborus larvae at the surface was 9.5 mm for N 1 (Tab. 3) and 9.0 mm in all other samples.
N o n -c o m m e r c i a l u s e o n l y
The Chaoborus larvae were significantly smaller for N 2 (paired t-test, df=119, P<0.05) at the surface and also at the 3-5 m depth (paired t-test, df=119, P<0.05). Chaoborus pupae were the same sizes among nights and layers (6.0 mm) with the exception of slightly larger individuals in the deeper layer for night 1 (6.5 mm;
Tab. 3). The Chironomidae larvae were about 9.0 mm long on N 1, but in the deeper layer and on N 2, they were smaller (8 mm, Tab. 3). Fig. 5 illustrates the size structure of the entire catch of invertebrates in the ichthyoplankton trawl.
The size distribution of juvenile fish can be divided (Fig. 6) . The smallest fish were primarily recorded near the surface during night 1. During night 2 there were significantly fewer numbers in the first cohort, while the second cohort of juvenile fish grew by 10 mm (40-60 mm). At the 3-5 m depth, the number of juvenile fish in the first cohort was lower than at the surface, and during night 2 only a few individuals of the smaller cohort were recorded. 
Comparison between acoustic and trawling results
The logarithmic abundance estimates of Chaoborus by both methods (120 kHz echosounding and trawling) were not statistically different when using a KolmogorovSmirnov paired test (df=24, P>0.05). However, inspecting the 1:1 regression revealed the estimated acoustic abundance to be lower, especially in the zones where the abundance of trawl catch was the highest (Fig. 7) . 
DISCUSSION
The mobile upward-looking echosounding methodology can record Chaoborus and juvenile fish near the water surface reasonably well. The 120 kHz frequency can efficiently record Chaoborus larvae or pupae, which can bias the hydroacoustic estimates of fish in waterbodies. The size distributions of the ichthyoplankton trawl catch and 120 kHz acoustic records showed a similar peak corresponding to the size of Chaoborus -the most abundant pelagic animal reflecting the echoes with good signal-to-noise ratio of some 10 dB Chaoborus larvae dominated night trawl samples mainly in the upper surface layer and very similar densities were recorded in 120 kHz acoustic results. Knudsen et al. (2006) found that using the 200 kHz frequency Chaoborus larvae had a TS of about -65 dB Another group of targets with an overlapping TS range are Chironomids pupae with a TS range of -77 to -65 dB (Kubečka et al., 2000) . They have a complex of tiny gas hollows (thoracic horns) with hydrostatic functions (Langton, 1995) . However, in the ichthyoplankton trawl, we recorded the proportion of Chironomids as only about 2-3 percent of all caught invertebrates, especially at the deeper layer. For this reason, Chironomids pupae hardly influence the results.
Chaoborus larvae showed a reduction in their average size (about 0.5 mm) between two sampling nights. Size reduction from spring to autumn is also reported by other authors (Eckmann, 1998; Knudsen et al., 2006) . The reason behind decreased size is most likely the growth of very small I-II instar larvae to observable size between surveys and possible emergence of large IV instar larvae. Prchalová et al. (2003) found that Chaoborus larvae and pupa have a TS in the range between -70 to -64 dB in the 120 kHz transducer. This partly corresponds to our results. However, our TS range is larger here probably because the mentioned study was conducted in tropical Thailand in February and only small individuals could occur or different species of Chaoborus may have been present. Several observations with an echosounder using a higher frequency of 200 kHz suggest slightly higher range of modal TS -64 to -60 dB (Jones and Xie, 1994; Knudsen et al., 2006; Bezerra-Neto et al., 2012) . A higher frequency is likely to be more sensitive for recording small targets, so the TS of Chaoborus may be higher with a 200 kHz echosounder compared to a 120 kHz one.
From Fig. 3 the acoustic size range of Chaoborus is considerably smaller than that of the older YOY fish cohort. The size of the smaller fish cohort from summer spawning (reported by Hladík and Kubečka, 2003; Čech et al., 2012) , however, overlaps with the size of Chaoborus both physically and acoustically in the 120 kHz frequency. It is only possible to distinguish the large cohorts of juvenile fish with the recommended threshold -55 dB or about 30 mm fish length based on the TS. At 38 kHz, which is not sensitive to Chaoborus (Jones and Xie, 1994; Knudsen et al., 2006) , we recorded a reasonable agreement between the acoustic and trawling densities (Fig. 4) of the cohort of fish fry larger than -55 dB The smaller size groups apparently contained a mixture of small fish from later spawning, invertebrates and possibly other targets. These were mainly present in the deeper 3-5 m layer (Fig. 4) . Invertebrates other than Chaoborus such as parasitic Branchiura, Chironomidae or water mites Hydracarina were more abundant in the deeper layer.
Ichthyoplankton trawl with the mesh size 1*1.35 mm is not a traditional method for sampling Chaoborus. It was found rather quantitative for sampling fish larvae (Jůza et al., 2010) . In our case it was used because the presence of targets of -70 to -60 dB was recorded vastly in up looking records in the year previous to the survey (Baran et al., unpublished data) . We expected to find fish larvae in the open water of the reservoir and this was the reason for the trawl selection. Some smaller slim invertebrates might have been lost through the meshes of the trawl. These losses are unlikely to be significant as many even smaller invertebrates were retained (Fig. 5) . Also our mean sizes of Chaoborus are similar to sizes reported in similar studies (Eckmann, 1998; Knudsen and Larsson, 2009 ). On the other hand, 2x2 m trawl is a robust sampling tool which greatly reduces the chances of sampled invertebrates to escape.
The acoustically estimated abundance of Chaoborus sized tracks was lower than trawl catch, especially in places where both methods recorded the highest abundance of Chaoborus larvae. The low abundance of Chaoborus larvae allowed us to use a trace counting method that required well detected traces of target individuals. Differences between density estimates by echo sounding and trawling can occur for at least two reasons. First, the method used to process the acoustic data by track counting does not enable the distinguishing between multiple overlapping targets that may occur at a higher abundance (Kocovsky et al., 2013; Baran et al., 2017) . Second, some discrepancies between hydroacoustics and trawling results can be caused by the fact that despite the two sampling boats following very similar trajectories, it was not possible to concurrently sample the same volume of water by the two methods and horizontal distribution of Chaoborus larvae and fish was Integrating any fish echo into the invertebrate record would lead to huge overestimation of density and can bias the results heavily. At this stage the application of "upper threshold in echo-integration" is not used routinely and is rather subjective so we decided to base our results on track counting. The advantage of track counting is that we are relatively sure that everything counted were the targets of interest.
CONCLUSIONS
The present study demonstrates the applicability of the mobile upward-looking hydroacoustic system to survey Chaoborus. The indisputable advantage of this system is the monitoring of juvenile fish and Chaoborus near the surface in stratified artificial lakes or natural lakes in the same record. Data obtained with the 120 kHz frequency echosounder confirms that this frequency, primarily used to study fish, is capable of studying Chaoborus as well. Using the lower frequency of 38 kHz offers the potential separation of a very small cohort of fish (6-20 mm TL) from Chaoborus larvae when the investigation of such extreme application is needed. Later in the ontogeny it is possible to use also the 120 kHz frequency, however, the TS thresholds over -60 dB are needed to distinguish fish from Chaoborus larvae. In our case, the estimation juvenile fish of over 30 mm was easy and safe. 
